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TABLE 1 - ANALYTICAL DATA AND MAG)lETIC MOME)/TS OF NITRATED MIXED IMINE SCHIFF BASE COMPLEXES OF Cu(II)
Complex Calc. (%) Found (%)* !Leff
B.M.
Cu N Cu N
(3,5 -Din itrosalicy laldimino- 3-11 itro- 15·23 13042 15·01 13044 1-86
acetylacetonato)Cu(II)
13'25 11'68 13·43 11'74 1-82(3,5 -Din itrosalicylal dirnino- 3 -n itro-
benzoylacetonato)Cu(II)
11·73 10'34 11·53 10·68 1·89(3,5- Dinitrosalicylaldimino-Jvn itro-
dibenzoylmethanato)Cu(II)
14·72 1298 14·92 12'88 1·93[(2-Hydroxy-3,5-dinitroacetophenon-
imino-3-n itroacety lacetonato [Cu (II)
15·95 7·03 15·73 7·24 1'91[(2-Hydroxy-5-nitroacetophenoimino-
3-nitroacety lacetonato [Cu (II)
* Satisfactory C, H analyses have been obtained for all the compounds.
In the mixed complexes containing bzac and
dbm, the electrophilic substitution in the phenyl
ring is not favoured''. In general the nitration
reaction on acac is faster than on bzac or dbm",
Though there is an increase in electron density at
reaction site in the phenyl ring due to -M effect,
the steric effects of coplanar phenyl rings at ortho
position to reaction site retards the rate of reaction.
TLC analysis shows the compounds to be pure.
The chloroform solutions of the compounds are
non-conducting indicating non-electrolytic nature.
The complexes are paramagnetic having magnetic
moment corresponding to one unpaired electron.
In the TR spectra of the compounds bands in
the region ,,-,3400 cm ? are absent showin~ that
water is absent in these compounds. The mtrated
compounds show a band at "",,1510cm! corresponding
to asymmetric vN02, while that at ,,-,1330 em+
corresponds to symmetric vN02• The disappear-
ance of the C-H in-plane bending vibrations at
,,-,1340 cm ? and appearance of N02 stretching
vibration bands at ,,-,1550 cm! at the same time
provides strong evidence for the N02 group entering
each chelate ring.
The solubility of the nitrated compounds is very
low in all the solvents and hence absorption spectra
could not be obtained.
Thanks are due to Prof. K. N. Trivedi, Head,
Chemistry Department, for providing necessary
laboratory facilities. Thanks are also due to the
UGC, New Delhi, for the award of a junior research
fellowship to one of them (U.D.).
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Mercury(II) halide adducts of ditertiary phosphine
dlsulphide and disetenide of the types HgX2(L-L).
IIg2X.(L-L). Hg3X.(L-L)2 and Hg.Xs(L-L)3 [Where
X=CI. Br or I and L-L=1.2-ethylenebis(diphenyl-
phosphine sulphide or selenide) (EDPS or EDPSe);
1.3-propylenebis(diphenylphosphine sulphide or sete-
nide) (PDPS or PDPSe); 1.4-butylenebis(diphenyl-
phosphine sulphide or selenlde) BDPS or BDPSe) and
1.6-hexamethylenebis( diphenylphosphine sulphide)
(HDPS)] have been prepared. The adducts have been
characterized on the basis of elemental analyses.
infrared spectra and molar conductance data.
DONoR properties of a few tertiary phosphine
sulphides and selenides towards mercury(II)
halides have been reported in literaturev+. In
the present note, the preparation and characteri-
zation of adducts of some ditertiary phosphine
disulphides and diselenides with mercury(II) halides
are being reported. The adducts have 1: 1, 2: 1,
3: 2 and 4: 3 (metal-ligand) stoichiometries.
The ligands, 1,2-ethylenebis(diphenylphosphine
sulphide or selenide) (EDPS or EDPSe), 1,3-propyl-
enebis(diphenylphosphine sulphide or selenide)
(PDPS or PDPSe), 1,4-butylenebis(diphenylphos-
phine sulphide or selenide) (BDPS or BDPSe) and
1,6-hexamethylenebis( diphenylphosphine sulphide)
(HDPS), were prepared by the methods reported
in litcraturet-w. The analytical data have already
been reported!'.
The adducts of mercury(II) halides were prepared
by adding a solution of the ligand in a suitable
solvent to a solution or suspension of the mercury(II)
halide in methanol, ethanol or benzene. The white
solids obtained either on mixing or refluxing of the
mixture were filtered and washed well with suitable
solvents and dried in vacuo.
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TABLE 1 - MELTINGPOINT AND ANALYTICALDATA OF ADDUCTS
Complex+ Found (Calc.), 0//0 m.p.
C H PIS
(0C)
Hg4CIs·3EDPS 38·74 (37'83) 3·23 (2'91) 8'0(S) (7'76) 180
Hg.Brs·3EDPS 34'38 (33,08) 2-90 (2'60) 6'9(S) (6'78) 195-97
Hg3Cl s-2PDPS 3658 (36'65) 3·18 (2'94) 7-40(S) (7'24) 220-25
HgBr •.PDPS 37·27 (38'70) 2'88 (2'80) 7'6(S) (7-60) 210-13
HgI •.PDPS 35'35 (34-80) 3·30 (2'79) 7·1 (S) (6'87) 195-200
Hg.Cl •.BDPS 33'25 (32-49) 3·17 (2·71) 6'1(S) (6'25) 230-40
Hg.Br •.BDPS 29·23 (27'72) 2'39 (2'31) 5·3 (S) (5 '28) 260
Hg.I •.BDPS 24·99 (24'00) 1·85 (2'00) 5'3(S) (4'57) 222-28
Hg.CI •.HDPS 35·90 (34'00) 3-46 (3'01) 5'9(S) (6'03) 130-35
Hg.Br •.HDPS 29·89 (29'03) 2·70 (2'58) 4'70(S) (5'16) 157-60
HgI2·HDPS 38·66 (37'00) 3-66 (3'29) 6'2(S) (6' 57) 120-25
Hg,Cls·3EDPSe 33·92 (33'96) 2·81 (2-61) 6'6(P) (6'75) 210
HgBr2·EDPSe 34·77 (34'00) 2·84 (2'62) 6'8(P) (6'76) 228
Hgl a- EDPSe 31-14 (30'86) 2'52 (2'37) 5-6(P) (6,13) 255
HgCl s-PDPSe 37·94 (38'50) 3'18 (3'10) 7'7(P) (7,4) 258
Hg3Br •.2PDPSe 29·06 (29'15) 2-49 (2'34) s'7(P) (5'58) 240
HgI2·PDPSe 32·29 (31'60) 2·71 (2'53) 6'4(P) (6'07) 250
Hg.Brs·3BDPSe 31'25 (31'54) 2·77 (2'63) S'7(P) (5'82) 225
Hg.ls·3BDPSe 29·05 (28'22) 2·55 (2'35) S'6(P) (5'21) 230
*Molar conductances for all the complexes were less than 3 ohrrr? ern" mole-'.
The elemental analyses (Table 1) were carried
out by the Australian Microanalytical Service,
Melbourne. The molar conductances of soluble
or partially soluble complexes were determined
in nitrobenzene with Toshniwal conductivity bridge
type CLOI/02. The infrared spectra in the range
4600-200 ern"! were recorded using Specord 71 IR
and Beckman IR-12 spectrophotometers.
All the adducts are colourless crystalline solids,
excepting a few complexes of mercury(II) iodide
which are light yellow. Generally they do not
melt, but undergo decomposition and are in-
soluble in common organic solvents. The molar
conductance data indicate them to be non-
electrolytes.
The infrared spectra show that the vP-C (aro-
matic) in the ligands EDPS, PDPS, BDPS, HDPS,
EDPSe, PDPSe and BDPSe occurring respectively
at 1090, 1080, 1090, 1100, 1090, 1080 and 1080
cnr? do not change on adduct formation. However,
in a few cases a fall of 10-15 em"! has been noticed.
The vP=S modes shift to lower frequency values
by 36-52 crrr" while vP=Se shift by 8-21 crrr-.
However, in the adduct Hg3Br6'2PDPSe, vP=,Se
remains unchanged. Similar changes in vP=S or
"P=Se have been reported7-9,12,13. It is suggested
that relatively smaller changes in 'JP=Se may be
due to vibrational coupling. Further, vHg-X
frequencies fall in the range 212-288 crrr" for all
the adducts. This is in agreement with the litera-
ture reports of vHg-·CI and vHg-Br occurring
in the ranges 249-342 and 204-213 crrr+ respectively
for N, P and S containing ligandsl4-20. The vHg-I
bands have not been observed above 200 cnr+ in
literature. Also, all the bridging halogens fall
below 200 crrr! (ref. 16, 17). Since, very limited
data are available in literature for vHg-S and
vHg-Se, the assignment of these bands is quite
tentative. The vHg-S and vHg-·Se fall in the
ranges 248-378 and 255-360 cm' respectively.
These bands are, as expected, weak or medium
in intensity.
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All the present adducts of mercury(II) halides
have been assigned tetrahedral structures on the
basis of infrared spectra. Structures I-IV are
proposed as the probable spatial arrangements for
the adducts of the type 1: 1, 2: 1, 3: 2 and 4: 3
(metal-ligand) respectively.
In al.l the above categories, the ligand is acting
~s a bndg~ between the two metal ions. The bridg-
lllg behaviour of the ligand is evident from the
fact that there is no increase in the number of
-(1-12- (bendif.1g) bands in the IR spectra after
complex !OrmatlOn. Jn case the ligand chelates,.
the lowering of the symmetry of the ligand in the
complex would lead to an increase in the number
of ba.nds due .to -CH2- (bending). Also, on
che.latlOn, the high membered rings will be formed
which are less stable.
O~e of us (T.S.) is grateful to the CSIR, New
pelhl, for the award of a fellowship. We are also
llld.ebtecl to the Regional Sophisticated Instrumen-
tation C~ntre, IIT, Madras, for recording far infrared
spectra III the range 650-200 crrr '.
References
1. Nrcrox, P. & MEEK, D. \V., Chem. Commun. (1966),398.
2. 1\1. VANDERVEER, W. & ]ELLINEK, F., Reel. Trav. chin».
Pays-Bas., 85 (1966), 842.
3. DALZIEL, J. A. W., HOLDING, A. F. LE C. & W.UTS, B. E.,
J. che ni. Soc., A (1967), 358.
4. MALHOTR.\, K. c.. Indian J. Chem., 12 (197+), 823.
5. NEGOn;,M.& SP.\CU, P., Chern. Abstr., 75 (1971), 117880b
6. :KICPON, P. & MEEK, D. W.,j. Am. chem, Soc., 87 (1965),
4951.
7. KING, 1\1.G. & ~fCQUILLA~, c. P., J. chem. Soc., A,
(1967), 898.
8. SLINKARD, W. E. & MEEK, D. W., Inorg, Chem., 8 (1969),
1811.
9. \VHEATLAND, D. A., CLAPP, C. H. & WALDRON, R. W.,
Inorg, Chem., 11 (1972), 2340.
10. NICPON, P. & MEEK, D. W., Inorg. Synth., 10 (1967),
157.
11. SANDHU, S. S. & SINGH, TARLOK, Transition met. Ch.m., 1
(1976), 155.
12. SLINKARD, W. E. & MEEK, D. 'vY, J. chem. Soc. Dalton
Trans. (1973), 1024.
13. TIETHOF, J. A., HETEY, A. T. & MEEK, D. W., Inorg.
Chem., 13 (1974). 2505.
14. FERRARO, J. R., Low-frequency vibrations of inorganic
6- coordination compounds (Plenum Press, New York),
1967, 111, 247.
15. ADAMS, D. M., Metal-ligand 6- related vibrations (Edward
Arnold, London), 1967, 26, 316.
16. COATES, G. E. & RIDLEY, D., ]. chem. Soc. (1964), 166.
17. STRmnfEN, D. P.,]. inorg. nucl. Chem., 37 (1975)' 487.
18. CLARK, R. J. H. & WILLIAMS, C. S., Inorg. Chem., 4
(1965), 350.
19. CLARK, R. J. H. & DUNN, T. M.,]. chem, Soc. (1963),1198.
20. SABAKINI, A. & SACCONI, L., J. Am. chem. Soc., 86
(1964). 17.
Ligating Properties of Tertiary Phosphine!
Arsine Sulphides or Selenides: Part IV-
Complexes of Ditertiary Phosphine Disulphides
& Diselenides with Cadmium(II) Halides
S. S. SANDHU & TARLOK SINGH
Department of Chemistry, Guru Nariak Dev University
Amritsar
Received 6 July 1976; revised 2 March 1977;
accepted 18 May 1977
Ditertiary phosphine disulphides and diselenides forrn
t :1 (metal-ligand) adducts of the type CdX2 (L-L)
{whereX=CI, Br and I; L-L=I,2-ethylenebis(diphenyl-
phosphine sulphide or selenide) (EDPS or EDPSe);
1,3-propylenebis(diphenylphosphine sulphide or sete-
nide) (PDPS or PDPSe); 1,4-butylenebis(diphenyl-
phosphine sulphide or selerride (BDPS or BDPSe) and
1,6 - hexamethylenebis(diphenylphosphine selenide)
(HDPSe)]. A 2: 1 adduct, Cd2X~BDPSe,has also been
prepared. The adducts have been characterized on
the basis of elemental analyses and infrared spectra
and have been assigned tetrahedral bridged struc-
tures.
VERY few adducts of Cd(II) with tertiary phos-
phine sulphides or selenides are reported in
literature as compared with those of other class b
metal ionsl~J2. In the present note we are reporting
adducts of ditertiary phosphine disulphides or
diselenides with Cd(II) halides.
The ligands, 1,2-ethylenebis(diphenylphosphine
sulphide or selenide) (EDPS or EDPSe), 1,3-propyl-
enebis(diphenylphosphine sulphide or selenide)
(PDPS or PDPSe), 1.4-butyl'nebis(diphenylphos-
phine sulphide or selenide) (BDPS or BDPSe) and
NOTES
1,6-hexamethylenebis( diphenylphosphine selenide)
(HDPSe), were prepared by procedures analogous
to those reported in literature8,l3. The analytical
data for the ligands have been already reported=,
The adducts were isolated by mixing the hot
solutions of the ligands in benzene or ethanol with
those of cadmium(II) halides in ethanol. The
white solids obtained after either scratching or
refluxing were filtered and washed with warm
ethanol or benzene and dried in vacuo. The ele-
mental analyses for the adducts (Table 1) were
carried out by the Australian Microanalytical
Service, Melbourne. The infrared spectra in the
range 4600-200 crrr- were recorded using Specord
71 IR and Beckman IR-12 spectrophotometers.
Infrared spectra indicate that the vP-C (aromatic)
modes occurring in the ligands EDPS, PDPS,
BDPS, EDPSe, PDPSe, BDPSe and HDPSe res-
pectively at 1090, 1080, 1090, 1090, 1080, 1080
and 1100 crrr! remain practically unaffected after
complex formation.
The vP=S modes decrease by 38-53 cnr< while
vP=Se modes decrease by 10-16 crrr! after co-
ordination to Cd(II). However, the vP=Se for
CdX2'PDPSe remains practically unchanged. These
observations are in agreement with similar changes
reported in literature8-11,l,. Further, vCd-Cl occurs
at 266 crrr+ in CdCl2·PDPSe and 274 crrr" in CdCI2•
PDPS which is very strong in intensity. This
may be rlue to overlapping with vCd-S as the
range for the latter bands is 236-74 crrr", vCd-Br
and vCd--Se occur in the ranges 215-225 and 240-
262 em"! respectively. vCd-I and frequencies
due to bridging halogens fall below 200 crrr+ (ref.
16-20).
All the adducts have been assigned tetrahedral
structures. Structures of types I and II may be
assigned to the 1: 1 and 2: 1 (metal-ligand) com-
plexes.
X L
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In the BDPSe adduct with CdBr2 the ligand
has been found to act as a bridge between the two
metal ions. The bridging behaviour of the ligand
is evident from the fact that there is no increase
in the number of -CH2- (bending) bands in the
IR spectrum of the complex. The other alter-
native, chelate formation, would lead to the lower-
ing of the symmetry of the ligand and hence an
increase in the number of bands due to -CH2-
(bending). Also, on chelation, high membered rings
will be formed which are less stable.
One of us (T.S.) is grateful to the CSIR, New
Delhi, for the award of a fellowship. We are also
indebted to the authorities of the Regional Sophisti-
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